Zinc is presently being used as a micronutrient essential for plant growth in agriculture in the form of zinc sulphate in fertilizers. Considering the importance of nitrogen-fixing microorganisms in soil fertility and plant growth, and the toxic effects of zinc, this study aimed at isolating nitrogen-fixing microorganisms from the asparagus rhizosphere arable soil and examining the sensitivity of the isolated strains to different zinc concentrations. The asparagus rhizosphere soil was cultivated in a nitrogen-free environment at 30 °C for 48 hours. Strains were identified by both biochemical and molecular methods. The presence of the nitrogenase enzyme system was confirmed by testing for the presence of the nifH gene through PCR analysis. The minimum inhibitory concentration (MIC) and optimal zinc concentration for the growth of each strain were also determined. A total of 10 different bacterial species were identified in three different soil samples. The presence of the nifH gene was confirmed in seven different strains. MIC and the average optimal zinc concentration for bacterial growth were 130.7 ppm and 13 ppm, respectively. The asparagus rhizosphere soil contains different species of nitrogen stabilizing microorganisms. An optimal zinc concentration in soil of 20 ppm is suggested.
http://www.ispacs.com/journals/ijcmb/2013/ijcmb-00003/ International Scientific Publications and Consulting Services are essential for plant growth and development, when used as a micronutrient, however, when used in greater amounts, may result in metabolic disorders, eventually leading to a halt in growth of most plants and microorganisms [4] . An important mechanism through which heavy metals, including zinc, induce toxicity is by means of generating free radicals and oxidative stress [5] . In general, variation and distribution of microorganisms is a reflection of soil fertility. As nitrogen is an essential element for plants, nitrogen-fixing bacteria would therefore provide molecular nitrogen for plant use [6] . Azotobacter species belong to the Gram-negative and the polymorphic family of Azotobacteraceae capable of forming capsule and microcyst [7] . By fixing nitrogen and producing thiamin, riboflavin, nicotin, indole-3-acetic acid (IAA) and gibberellin, these bacteria participate in plant cell growth [8] . A great number of nitrogen-fixing microorganisms called nitrogen-fixing free living endophytes inhabiting both root and the stem of plants such as Azospirillum Gluconacetobacter diazotrophicus, Herbaspirillum, Azoarcus, Enterobacter, Klebsiella, Pseudomona, Azorhizobium, Beijerinckia, Azotobacter [9] . Molecular nitrogen is converted to ammonia by the nitrogenase system in the biological process of nitrogen fixation. Synthesis of a functional nitrogenase requires the products of nif genes. The structural gene nifH, as an important nif gene, is involved in the formation of the Fe-protein complex [9] . Nitrogenfixing bacteria can now be identified on the basis of the presence in their genome of nif DNA through PCR or sequencing techniques [10, 11] . Due to the key role played by the nitrogen-fixing microorganisms in the agricultural soil and the importance of the metal zinc as an essential micronutrient in biological cycles along with its toxic effect on the environment, this study aimed at investigating the degree of sensitivity to different concentrations of zinc, in the form of ZnSO 4 , of nitrogen fixing microorganisms isolated from the rhizosphere of asparagus plants in a laboratory environment.
Materials and Methods
All chemicals and reagents were purchased from Merk-Germany.
Soil sampling
Three soil samples were collected during April 2012 in Aznova Behnamir, Mazandaran province-Iran. Samples were withdrawn at a depth of 0-30 cm below the surface, collected into sterile vials and transferred to a laboratory. A fraction of each sample was also sent to Babol Geology Laboratory to assay for both physicochemical properties and the nutrient element content.
Isolation of nitrogen-fixing microorganisms form agricultural soil
Isolation of nitrogen fixing microorganisms was performed in duplicates by the dilution-pour plates method (10 -1 -10 -10 ) on mannitol N-free agar medium containing: mannitol 10g, K 2 HPO 4 0.75g, MgSO 4 0.5g, CaCO 3 3g, sodium molybdate 0.02g, agar 18g and H 2 O dist. 1000 ml. Samples were incubated for 48 h at 30 ºC before being subjected to both microscopic and macroscopic examination. Identification of the strains was performed using the routine microbiological methods including both biochemical and molecular tests [12, 13] .
Culture inoculation
Isolated colonies were grown on BHI agar plates at 30 °C for 24 h. Bacterial colonies were then inoculated into sterile physiological serum and the OD was adjusted to 0.8-1 at 600 nm, equivalent to 5x10 -8 cfu/ml.
Sensitivity assay to different concentrations of zinc sulfate
To assay for the sensitivity of the isolated strains to zinc sulfate, samples of 0. of the bacterial sample was added to each medium and incubated at 30 °C for 24 h on a shaking incubator prior to measuring the OD at 600 nm.
Identification of nifH and 16S rRNA genes 2.5.1. Bacterial DNA extraction
Isolated bacteria were cultured in LB medium on a shaking incubator at 30 °C for 18 h. These cultures were then centrifuged at 12,000 rpm for 2 min. Genomic DNA was extracted using the MBST DNA Extraction kit.
Polymerase Chain Reaction (PCR) of nifH and 16S rRNA genes
PCR reaction mix was prepared in a 25 μl volume containing 18 μl H 2 O, 2.5 μl of 10X PCR buffer, 1 μl dNTPs, 1 μl each of the forward and reverse primers (see below), 1 μl genomic DNA and 0.5 μl Taq DNA Polymerase. All reagents, Taq polymerase and DNA ladder were purchased from Metabion-Germany.
Primers for PCR
Primer sequences used in the PCR reactions were as following: 
Thermocycling conditions
For nifh gene, the PCR thermocycling condition was 95 °C for 3 min (preheating), 95 °C for 30 s, 57 °C for 30 s, and 72 °C for 45 s for 30 cycles, followed by a final heating at 72 °C for 7 min. The PCR thermocycling condition for 16S rRNA gene was 95 °C for 3 min (preheating), 95 °C for 60 s, 50 °C for 30 s, and 72 °C for 60 s for 30 cycles, followed by a final heating at 72 °C for 10 min. The PCR product size was confirmed by electrophoresis on a 1% agarose gel (Bio-Rad-USA).
Sequencing of the PCR products
PCR products were sent to FazaPazhouh Co. for sequencing using 16S F: AGAGTTGGATCCTGGCTCAG or 16S R: AAGGAGGTGATCCAGCCGCA primers in an ABI 3730 xl DNA analyzer.
Results
Results obtained from Babol Geology Laboratory revealed a soil sample with a zinc concentration of 3.74 ppm with both normal pH and salinity (Tables 1 and 2 In detecting sensitivity to zinc and MIC determination, Pseudomonas geniculata with a MIC value of 32.7 ppm was the most sensitive. The minimum inhibitory concentration of all the strains in 2 mmol of zinc sulfate amounted to 130.8 ppm, while the optimal growth rates of bacteria determined by OD analysis were 0.1 and 0.2 mmol, equivalent to 6.53 and 13 ppm, respectively (Figure 1) Figure  2) . The presence of the band corresponding to the nifH gene using nifH1 forward and reverse primers was only detected in DNA extracted from NFB2: A. chroococcum strain with a frequency of 10%, while the band corresponding to the nifH gene using ppnifH forward and reverse primers was observed in NFB4: Stenotrophomonas maltophilia, NFB3: Rhizobium radiobacter, NFB1: Stenotrophomonas maltophilia, NFB5: Pseudomonas umsongensis, NFB6: Pseudomonas geniculate and NFB7: Rhizobium massiliae strains with a 60% frequency (Figure 3 ). 
Discussion
The present study isolated and identified nitrogen-fixing soil-borne bacteria through 16S rRNA sequencing, and their sensitivity to zinc as well as the presence of nifH gene in these strains were also studied. All samples were capable of growth in a zinc-free medium, where the only source for nitrogen was the nitrogen molecule available in the air. These species were shown to have an optimal growth rate in a medium containing a zinc concentration of 6.53 to 13 ppm, while a zinc concentration beyond 13 ppm resulted in a growth reduction, and the absence of growth was detected at a zinc concentration of 130.8 ppm. Of the examined species, 30% had a MIC value of 52.32 ppm, while a MIC value of 130.8 ppm was revealed for 20% of the species. Babich and Stotzky (1984) investigated the effect of zinc on soil-borne bacteria and showed that 2 mmole of zinc reduces the activity of bacteria [14] . Cevik and Karaca (2003) showed that bacteria in pot soil are sensitive to 50 mg kg -1 zinc [15] . In the present study, we determined a threshold value of 13 ppm for soil
Zn to allow the different strains of bacteria to survive, while concentrations greater than 13 ppm resulted in a linear growth reduction. In a study performed by Shakibaei et al. (2008) , bacteria were sensitive to Zn at 30 ppm [16] , a finding that is in line with our results. Malakootian and Toolabi (2011) , studying the sensitivity of waste waterborne bacteria to ZnO nanoparticles, showed that bacteria were not sensitive to an 80 ppm concentration, while 100 and 1000 ppm concentrations resulted in 36% and 84% bacterial death, respectively [17] . Our results are not in line with those of the latter study, and the difference could be due to the difference in the sampling locations as well as the type of microorganisms sampled, in addition to the type of Zn metal used. Rajapaksha et al. (2004) have also shown that an increasing concentration of Zn for a short period of time linearly reduces the population size of soil-borne bacteria [18] . In our previous study, we demonstrated a growth cessation of the nitrogen fixing bacteria Azotobacter chroococcum at a zinc concentration of 50 ppm [19] . Our PCR results revealed the presence of nifH gene in 70% of the investigated strains. The presence of nifH gene along with its sequence, identified here, is in agreement with those of others [20] . http://www.ispacs.com/journals/ijcmb/2013/ijcmb-00003/ International Scientific Publications and Consulting Services
The nifH gene product serves as a component of the nitrogenase system and has a role in the formation of the Fe-protein complex. It is therefore safe to assume that the presence of the nifH gene is indicative of the existence of the nitrogenase system and the ability to fix molecular nitrogen [10] .
Conclusion
In conclusion, the results of the present study demonstrated that of the 10 isolated bacterial strains, all were sensitive to a 130.8 ppm concentration of zinc, and that a 6.53 ppm concentration of zinc is optimum for the growth of these bacteria. According to our results, it appears that the optimal activity and growth of the isolated strains are in the presence of a 6.53 to 13 ppm zinc concentration. The nifH gene was detected in 70% of the investigated strains, an indication of the presence of the nitrogenase enzyme system, and thus the ability to fix nitrogen. The absence of the gene in the remaining strains might be due to the differences in the sequence of this gene in these strains. Finally, it is concluded that increasing the concentration of zinc in the agricultural soil, may result in lowering the number of beneficial microorganisms.
